XYGEN consumption (V O 2 ) of respiratory muscles during mechanical ventilation is usually computed as the difference between V O 2 during controlled ventilation and V O 2 during spontaneous ventilation. This method, though, is unpractical and sometimes even impossible. In a study published in this issue of ANESTHESIOLOGY, Bellani et al. used another interesting approach to evaluate the value of V O 2 in weaning. 1 The objective of weaning from mechanical ventilation is to decrease the level of ventilatory support provided by the ventilator, forcing the patient to assume a greater proportion of the ventilatory workload. In other words, with weaning from mechanical ventilation, the work of breathing shifts from the ventilator to the patient. Although most patients wean from mechanical ventilation with little difficulty, some patients are unable to sustain the necessary work of breathing and develop signs of fatigue. It is important to recognize when a patient is failing a weaning trial. A failed weaning trial may induce significant cardiopulmonary distress and is discomforting for the patient. When weaning failure is recognized, ventilatory support should be reestablished without delay.
1
The objective of weaning from mechanical ventilation is to decrease the level of ventilatory support provided by the ventilator, forcing the patient to assume a greater proportion of the ventilatory workload. In other words, with weaning from mechanical ventilation, the work of breathing shifts from the ventilator to the patient. Although most patients wean from mechanical ventilation with little difficulty, some patients are unable to sustain the necessary work of breathing and develop signs of fatigue. It is important to recognize when a patient is failing a weaning trial. A failed weaning trial may induce significant cardiopulmonary distress and is discomforting for the patient. When weaning failure is recognized, ventilatory support should be reestablished without delay.
Commonly used criteria for the discontinuation of a weaning trial include tachypnea; hypoxemia, tachycardia, or bradycardia; hypertension or hypotension; and agitation, diaphoresis, or anxiety. V O 2 of respiratory muscles could be another valuable parameter in a weaning trial. In healthy subjects, the V O 2 of respiratory muscles is low and normally not more than 5% of total V O 2 of the whole body. In critically ill patients who wean from mechanical ventilation, the V O 2 of respiratory muscles can be much higher, and an increased V O 2 of respiratory muscles has been suggested to predict weaning failure. [2] [3] [4] [5] Bellani et al. measured V O 2 with reduction of the pressure support level, and as such they were able to compare minimum V O 2 as well as the absolute increase of V O 2 between patients who successfully passed a weaning trial and patients who were unable to sustain the decrease in ventilatory assistance. 1 In each weaning trial, starting from 20 cm H 2 O, pressure support was decreased in steps of 4 cm H 2 O, lasting 10 min each, until 0 cm H 2 O. The average V O 2 from the last minutes of each step was measured by indirect calorimetry. If a patient developed signs of respiratory distress, according to standard criteria, it was decided that the weaning trail was unsuccessful. The investigators hypothesized that during weaning from mechanical ventilation, when the pressure support level reduced, the V O 2 would increase more in patients who failed a weaning trial.
Patients who failed a weaning trial had a higher minimum V O 2 compared with patients who successfully completed the weaning trial (215 Ϯ 53 vs. 174 Ϯ 44 ml/min). Surprisingly, however, the absolute increase from minimum V O 2 to maximum V O 2 observed was lower in patients who failed a weaning trial (52 Ϯ 24 vs. 94 Ϯ 71 ml/min).
The findings of this study are, at least in part, in line with previous observations. Indeed, several studies report that an increased V O 2 of respiratory muscles is associated with weaning failure.
2-5 Some studies, though, dispute this association.
6,7 Notably, there is large variety in study designs, and patient groups studied are considerably different across the published studies, making comparison difficult.
The findings of this study contradict the initial hypothesis. Indeed, whereas Bellani et al. hypothesized that during weaning from mechanical ventilation, the V O 2 would increase more in patients unable to sustain the decrease in ventilatory assistance, the absolute increase in oxygen consumption from minimum V O 2 to maximum V O 2 observed in these patients was actually lower than in patients who were successfully weaned. But isn't this what the investigators should have expected?
Patients who have been on the ventilator for days to weeks are usually not only those who are severely ill (and thus have a high total V O 2 ) and those who still suffer from respiratory distress (and thus have a high V O 2 of respiratory muscles), they could also suffer more from significant loss of (respiratory) muscle mass (and thus may not be able to further increase V O 2 ). Of note, there is at least a suggestion that patients in this study who failed a weaning trial were severely ill for a longer period of time and had more respiratory distress:
Accepted for publication May 14, 2010. The author is not supported by, nor maintains any financial interest in, any commercial activity that may be associated with the topic of this article. they were on ventilatory support longer (20 [10 -42] vs. 11 [6 -26] days), they needed higher levels of positive end-expiratory pressure (6.9 Ϯ 2.1 vs. 6.4 Ϯ 1.6 cm H 2 O), and they had lower respiratory system compliance (37 Ϯ 13 vs. 48 Ϯ 15 ml/cm H 2 O) and higher respiratory system resistance (17.8 Ϯ 4.6 vs. 15.9 Ϯ 3.6 cm H 2 O per l per s). Differences were not statistically significant, but the study might have been underpowered to show these differences. Unfortunately, the investigators did not report on differences in muscle mass and/or strength between patients who successfully passed a weaning trial and those who failed a weaning trial.
Weaning is all about load and strength ( fig. 1 ). Reduced respiratory system compliance and/or increased respiratory system resistance put load on the respiratory muscles. In the case of severe respiratory distress, we do not even think of a weaning trial: muscle strength will never be enough to compensate for the pulmonary condition, and if it does it will only be sustained for a short period of time. Indeed, we wait for respiratory distress to resolve before the patient is subjected to a weaning trial. But when the pulmonary condition has improved, decreased ability to generate pressure and/or lack of endurance may form another reason not to perform or continue a weaning trial. Respiratory muscles could be too weak to compensate even the slightest load caused by the respiratory system. In severely weakened patients, we await muscle strength to improve before we challenge patients with a weaning trial.
The study by Bellani also adds to our knowledge on weaning from mechanical ventilation in another way. Their results suggest that significant information could come from changes in parameters during a weaning trial, in this case the change in V O 2 . This is in line with a recent publication on a frequently used parameter in spontaneous breathing trials, the rapid shallow breathing index (RSBI). 8 The RSBI, calculated by dividing the tidal volume into the respiratory rate, has shown poor specificity. The problem could be that the RSBI is not dynamic, making it inadequate to predict the failure of weaning. In the above-mentioned prospective observational study, it was found that the initial RSBI was similar in patients who successfully passed a trial and patients who failed a trial. 8 Although the RSBI tended to remain unchanged or decreased in patients who successfully passed a trial, the RSBI tended to increase in patients who failed a trial. This was caused either by an increased respiratory rate and/or decreased tidal volume, indicating worsening of the respiratory pattern. The percent change of the RSBI during a spontaneous breathing trial was a better predictor of success than a single initial determination of the RSBI. Notably, a similar change in respiratory rate was noticed in the study by Bellani et al. 1 Indeed, in patients who failed a weaning trial, the respiratory rate increased more than in patients who were successfully weaned from mechanical ventilation.
In conclusion, in weaning from ventilation we are frequently poised between load and strength. Although single or initial or single measurements of parameters (i.e., V O 2 and RSBI) are of some use, serial measurements of the same parameters seem much more helpful.
